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CUE SALIENCY IN UPSIDE DOWN FACES 
By 
MITSUO END 0 (~)i'i:Jl[;~)l 
(Tohoku University) 
The pictures of human faces are extremely difficult to recognize when viewed 
upside down. This phenomenon was studied experimentally from the viewpoint 
of cue saliency. Cue saliency in upright faces and that in upside down faces were 
assessed by using the feature alternation technique. It was found that the general 
tendency of cue saliency was constant regardless of orientation, and that the influence 
of presenting upside down was more effective in not-salient features than in salient 
features. 
It is known that when the pictures of human faces are presented upside down, 
it is difficult for observers to perceive their expression and/or to identify it. Yin (1969) 
showed that upside down human faces are more difficult to recognzie than upside down 
objects having properties similar to those of faces, i.e., mono-orientedness, familiarity, 
complexity, and difficulty of verbalization. And she inferred the existence of face-
specific pattern analyzers. Although it is considered that the result could not to be 
the sufficient evidence of her hypothesis (Ellis, 1975), it shows that the phenomenon is 
important in investigating the perceptual characteristics of human faces. 
This phenomenon was discussed by several researchers. Yin (1969) and Carey 
Diamond (1977) suggested that it was impossible to employ a usual global or holistic 
strategy for inverted faces. Rock (1973) pointed out that as the result of a good deal of 
prior experiences, human faces are perceived up to a whole set of component figures 
and figural relationships, and that when upside down it is not possible to succeed in 
visualizing simultaneously how each of these would look, were they to be egocentrically 
upright. Ellis (1975) suggested that inverting faces might upset any acquired scanning 
strategy for viewing upright faces. However, none of these suggestions have been 
proved experimentally. 
Most studies concerning this phenomenon were performed by employing a recogni-
tion paradigm (Hochberg & Galper, 1967; Yin, 1969; Scapinello & Yarmey, 1970; 
Yarmey, 1971; Goldstein & Chance, 1971), and there were few experimental studies 
that investigated the perceptual process of inverted faces directly (only Bradshaw & 
Wallace, 1971). And so, in order to clarify which aspect of perceptual process of faces 
is disrupted by inverting faces, it is necessary to describe the phenomenon in detail, 
and to investigate the perceptual process of inverted faces. 
1. Department of Psychology, Faculty of Arts and Letters, Tohoku University, Kawauchi, 
Sendai 980, Japan. 
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In this paper, the phenomenon is described from the viewpoint of cue saliency. 
Cue saliency in faces, which may be defined as the relative importance of respective 
facial features, is one of main problems in the study of the perception of human faces, 
and has been studied by many researchers in the past (for a review, see Shepherd et aI., 
1982). Although a variety of different experimental techniques has been used to assess 
the saliency, the results obtained are almost consistent with each other. They showed 
that upper features (i.e., hair and eyes) are more salient than lower features (i.e., nose, 
mouth, and chin). The problem in this paper is as follows: i.e., how such a cue saliency 
in upright faces alters when upside down, and how the phenomenon that the upside 
down faces are extremely difficult to recognize is reflected in cue saliency. 
METHOD 
The feature alternation technique adopted by Davies et al. (1977) was used to assess 
cue saliency. They manipulated the features contained in the Photofit Kit, and then 
examined whether the subjects can detect change when a given feature is altered. 
This technique, as Davies et al. asserted, is superior to others in that the integrity of 
the face can be maintained by varying systematically any of the constituent features. 
Material and Apparatus: The stimuli were 11 black-and-white photographs of male 
Japanese faces (targets), none of which had any distinctive cues (e.g., glasses), and 70 
montage photographs* (distractors), which differed from the target in only one of five 
features (hair, eyes, nose, mouth, or chin). 
Before composing montage photographs, it was necessary to control the relative 
similarity between original and exchanged features for respective features. The 
procedure for this control of feature similarity followed Davies et al. First, each of 24 
facial photographs which contained 11 target faces was broken up into five features, 
and the lists for each feature were composed of these isolated features. Subjects were 
presented these lists and were asked to select the couples which would be judged to be 
similar and to be dissimilar. Subjects were not limited in the number of couples to 
select, in the number of times a particular feature was selected as one member of a 
couple, and in the time taken to judge, but were warned not to use size of feature and 
lightness of color as cue to judge, which were more or less altered at the time of 
composing photographs in order that montage pictures might not become unnatural. 
The subjects employed in these control judgments were 20 students of Tohoku 
University. 
Mter the results of these judgments, the couples selected as similar (or dissimilar) 
ones by two or three of the subjects were actually used for the composition of the montage 
photographs as similar (or dissimilar) couples. Using these couples, seven distractors 
of which a particular feature was exchanged for similar (or dissimilar) one were com-
* The montage photographs were composed by Montage Unit (Minolta, K.K.). This apparatus 
is used by the Police of Japan to compose faces from witnesses reports. Our montage Photos 
were composed with the aid of Miyagi Prefectural Police. 
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posed, and thus we got 70 distractors (2 similarities X 5 features X 7). At this time, 
the number of times one target face was used for composition of distractors, and the 
number of times one target face was used as the distractor in a particular category were 
controlled (the former was restricted to range 6 to 7 times, the latter less than twice). 
The stimuli were presented on the translucent screen (12 X 8 cm) by a projector-
type tachistoscope (TKK, 270A), and the center of eyes of stimulus face was projected 
on the center of the screen. Ss observed the screen at a distance of 60 cm from the 
chin rest. The distance between pupils of the stimulus was always at 2.1° visual angle, 
so that the size of the stimulus face altered by each target face, ranging from 7.4° to 
9.4°. The luminance of the screen was set at a level of 945.7 cd/m2, as measured on 
the lightest area of the faces. 
Procedure: Immediately after the subjects pressed a key at hand, the target 
stimulus was presented for 4 sec, after 1.1 sec interval, the test stimulus was presented 
for 4 sec. The target stimulus was one of 11 target faces, and the test stimulus was 
the same face as the target or the distractor which was composed on the basis of the 
target. Ss' task was to judge whether the two stimuli were the same or different and to 
rate the confidence of the judgment in the form of 1, 2, or 3 (3 being most confident, 
1 the least). This confidence rate was necessary to obtain ds* which indicated detect-
ability on signal detection theory. Ss were warned not to use the differences of 
lightness, size, and position of the two faces for cue of the judgment. 
There were three conditions concerning the orientation of the faces, that is, first, 
both of the two faces presented successively were upright (0°-0°), secondly, both of them 
were rotated 180° (180°-180°), lastly, only the test face was rotated 180° (0°-180°). 
Each of subjects was engaged in one of the three orientation conditions. 
Before the experiment, each S was engaged in 11 practice trials in which all target 
faces were presented. Then it was comfirmed that he had no acquaintance of them. 
There were 140 trials for each subject, which contained 70 same trials and 70 different 
ones. All the trials were divided into five sessions and the order of stimulus presenta-
tion was randomized. 
Subjects: The subjects were 24 students of Tohoku University (all males), and eight 
of them were allocated to each of the three orientation conditions. 
RESULTS 
Table 1 represents the average ds on each orientation condition. A one way 
ANOVA showed a significant main effect (F=22, df 2/21, p<.OI). Further com-
parison by Tukey tests with each other condition showed significant differences among 
all the three conditions (p<.05). 
Table 2 shows mean false alarm (FA) scores and FA rates on each feature as a func-
tion of orientation and similarity of the exchanged features. In 0°-0° for similar set, 
the highest FA score was obtained in alternations to the nose, and the following scores of 
* The ds was measured by the graphical method which appeared in Egan et al. (1961). 
~- -
Orientation 
0°-0. 
180.-180° 
0°-180. 
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Table 1. Mean d8 on each orientation condition 
2.07 1. 29 0.87 
(N =8 for each condition) 
Table 2. Mean FA score (and FA rate) on each feature as a function 
of orientation and similarity of exchanged features 
I 
Similar set Dissimilar set 
I I I Mouth I I I I Mouth I Hair Eyes Nose Chin Hair Eyes Nose 
.25 .50 
I 
3.38 [ 1. 38 1. 50 .00 I .50 1. 00 .50 (4) (7) (48) (20) (21) (0) (7) (14) (7) 
1. 38 .75 4.60 3.00 3.38 .00 .38 3.25 2.75 
(20) I (25) (66) (43) (48) (0) (5) (46) (39) 
I 1. 50 
I 1. 50 3.75 3.75 3.00 .60 .25 2.88 3.63 
I (21) I (21) (54) (54) (43) (9) (4) (41) (52) I 
(the maximum number of FA score=7, N=8 subjects for each orientation condition) 
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Chin 
.50 
(7) 
4.00 
(57) 
3.63 
(52) 
---
FA were those of alternations to the mouth and the chin. The lowest ones were those 
to the hair and the eyes. For dissimilar set, FA scores were lower in all features than 
those in similar set, and the highest FA score which was also that of alternations to the 
nose was only 1.0. 
In 180°-180° and 0°-180° for similar set, mean FA scores were higher by about 1.3 
in all features than those of 0°_0°. For dissimilar set, FA scores of alternations to 
hair and eyes were as low as those in 0°_0°. But those of alternations to nose, mouth, 
and chin were higher than those in 0°_0° and as high as those in similar set of 180°-180° 
and 0°-180°. 
The data of FA scores was subjected to a 3 (orientaion)X2 (similarity)X5 (feature) 
ANOYA with repeated measures on the last two factors. All the main effects were 
significant (orientation; F=8.05, df 2/21, p< .01: similarity; F=28.20, df 1/21, P 
<.01: feature; F=31.36, df=4/84, p<.Ol). And interactions (orientation X feature, 
similarity X feature, and orientation X similarity X feature) were also significant 
(respectively, F=5.27, df 8/84, p<.Ol; F=3.94, df=4/84, p<.01; F=2.1O, df 8/ 
84, p<.05). 
Table 3 shows the results of a series of Tukey tests comparing the FA scores on 
different features in each orientation and similarity condition. In 0°_0° for similar set, 
FA score on nose was significantly higher than those on any other features, but for 
dissimilar set, no signfiicant effect was observed. In 180°-180° and 0°-180°, regardless 
of similarity almost the same tendencies were gained, that is, FA scores on lower fea-
tures (nose, mouth, and chin) were signfiicantly higher than those on upper features 
(hair and eyes) (p<.05). 
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Table 3. Results of Tukey tests comparing the FA scores on different features 
in each orientation and similarity condition. 
(H=hair, E=eyes, N=nose, M=m:luth, the C=chin, * p<.05) 
-
* 
-
* 
-
* 
-
* 
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DISCUSSION 
It was found also in the present study that the detectability of the feature changes 
was disrupted by presenting the photograph of a face upside down, as was consistent 
with the result of the recognition paradigm studies. But the result showing that the 
detectability in 180°-180° was better than that in 0°-180°, is not consistent with the 
results of Hochberg and Galper (1967) and Yin (1969). In their studies, it was shown 
that the performance of recognition when viewing faces upside down in both study-
and test-period, was not better than that when viewing faces upside down either in the 
study- or test-period. Since mean Hit rates and FA rates in 180°-180° and 0°-180° 
were respectively 80.3%,34.1%; 68.0%, 35.1%, it can be said that the decline of per-
formance in 0°-180° is due to the decrement of Hit rate rather than the increment of 
FA rate. Although this decrement of Hit rate may be caused by the reflection about 
not only horizontal axis but also vertical axis because of 180 rotation, the decrement of 
Hit rate in 0-180° seems to reflect another aspect of the perception of upside down 
faces. In 180-180° conditions, it is difficult for observers to distinguish a particular 
face from other faces, or from the faces which altered from the original in one feature. 
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But in 0°-180° conditions, observers can not obtain the same percept as could be 
obtained if the same face was rightside up, that is, the upside down faces are not 
perceived as it was upright. If we take account the fact that this aspect has scarcely 
been observed in the recognition paradigms, the aspect may be concerned with changes 
of subtle nuance in face, such as changes in expression, which does not cause the failure 
of recognition or identification. 
The order of saliency for different features that Davies et al.'s study showed is as 
follows: forehead/hair, eyes, mouth, chin, nose. In upright condition of the present 
study, according to FA scores of the similar set, the features can be divided into three 
classes, namely hair and eyes, mouth and chin, and nose. But only the difference 
between FA score on nose and those on the other features in the similar set was 
significant, so the order of saliency for different features was not so clear. Perhaps, the 
differences between the results of Davies et al.'s and those of the present studies may 
be caused by the differences of the task performed by Ss and the differences of the 
criteria of similarity used to compose the stimuli. In Davies et al.'s study, the Ss' task 
employed was to select the target face from an array of six alternatives which contained 
the target face and the five faces altered in one of the five features. And the couples 
judged similar by at least five of the 15 subjects were used for the similar set, and the 
couples judged similar by nobody were used for the dissimilar set. Moreover, indivi-
dual differences in FA rates may be considered to be one of these reasons for this 
result, which was caused by fluctuation of criteria used for judgments by Ss. 
In upside down conditions, there were clear differences in FA scores on different 
features. The alternations to upper features could be more easily detected than those 
to lower features (nose, mouth, and chin). This result was also shown in dissimilar 
set, of which the upright conditions revealed few differences. It can be said that the 
saliency in the upside down conditions has the same tendency as in the upright condi-
tion in general, but the saliency is clearer than that in the upright condition. This 
clearness in saliency was due to the decline in performance on not-salient features. In 
another words, it can be said that inverting faces have a greater influence on not-salient 
features than on salient features. 
Considering the implication for the perceptual process of upside down faces from 
the results obtained in the present study, the upside down faces may be processed to 
a certain extent by the same strategy as that used when viewed upright, since the basic 
pattern of cue saliency was stable regardless of the orientation of faces. Namely, even 
if the faces were viewed upside down, they could be treated as "the faces". But for 
the present, it is not clear how the perceptual process or the strategy retained even 
when viewed upside down should be characterized. This problem still remains to 
resolve. 
And the fact that inverting faces was more influential on not-salient features 
than on salient ones may be important cue to investigate which aspect of the percep-
tion of upright faces is disrupted by inverting faces. 
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